UNCLASSIFIED 


AD  NUMBER 


AD838868 


NEW  LIMITATION  CHANGE 
TO 

Approved  for  public  release,  distribution 
unlimited 


FROM 

Distribution  authorized  to  U.S.  Gov't, 
agencies  and  their  contractors;  Critical 
Technology;  MAY  1968.  Other  requests  shall 
be  referred  to  Commanding  Officer, 

Edgewood  Arsenal,  Attn:  SMUEA-TSTI-T, 
Edgewood  Arsenal,  MD  21010. 


AUTHORITY 


EA  D/A  ltr,  27  Jul  1972 


THIS  PAGE  IS  UNCLASSIFIED 


AD 8 3886 8 


REPOTT  NUMBER  6 
ION  PHENOMENA 

Final  Report 
by 

Robert  W.  Kiser 


May  1968 


Physical  Research  Laboratory 
RESEARCH  LABORATORIES 
Edgewood  Arsenal,  Maryland  21010 

Contract  DA-18-035-AMC-718 (A) 


KANSAS  STATE  UNIVERSITY 
Department  of  Chemistry 
Manhattan,  Kansas  66502 


REPORT  NUMBER  6 


ION  PHENOMENA 


Final  Report 
by 

Robert  W.  Kiser 


May  1968 


Physical  Research  Laboratory 
RESEARCH  LABORATORIES 
Edgewood  Arsenal,  Maryland  21010 


Contract  DA-18-033-AMC-71800 


This  document  is  subject  to  special  export  controls  and  each 
transmittal  to  foreign  governments  or  foreign  nationals  may 
be  made  only  with  prior  approval  of  the  Co,  Edgewood  Arsenal, 
AfiN:  SML'EA-TSTI-T,  Edgewood  Arsenal,  Maryland  21010 


KANSAS  STATE  I'NIVEKSITY 
Department  of  Chemist rv 
Manhattan,  Kansas  66602 


FOREWORD 
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The  work  described  in  this  report  was  authorized  under  Project 
1C622401A102,  Chemical  Agent  Warning  and  Detection  Techniques  (U). 

This  work  was  started  9  December  1965  and  completed  31  July  1967,  The 
experimental  data  are  contained  in  notebooks  KSU-182311-DLD-6  to 
KSU-182311-DLD-11  and  KSU-182311-RES-3  to  KSU-182311-RES-5. 

Reproduction  of  this  document  m  whole  or  in  part  is  prohibited 
except  with  the  permission  of  the  CO,  Edgewood  Arsenal,  ATTN:  SMUEA- 
RPR,  Edgewood  Arsenal,  Maryland  21010;  however,  Defense  Documentation 
Center  is  authorized  to  reproduce  the  document  for  United  States 
Government  purposes. 

Reference  to  a  company  and/or  product  name  in  this  report  is 
only  for  purposes  of  information  and  does  not  imply  approval  or 
recommendation  of  the  product  to  the  exclusion  of  others,  which  may 
also  be  suitable. 

The  information  in  this  report  has  net  been  cleared  for  release 
to  the  general  public. 


Acknowledgments 


Donald  L.  Dugger  and  Richard  E  Sullivan  have  been  Instrumental 
In  obtaining  the  experimental  findings  reported  herein. 


DIGEST 


Mass  spectrometric  studies  of  trimethyl  phosphorothionate, 
triphenyl  phosphite,  diallyl  phosphite,  diallyl  allylphosphonate, 
triallyl  phosphite,  triallyl  phosphate,  and  diphenyl  phosphite  were 
made  to  obtain  more  fundamental  information  for  use  in  determining 
the  ionization  and  dissociative  ionization  processes  that  occur 
upon  electron  impact  with  these  organophosphorus  compounds,  Mass 
spectra,  appearance  potentials,  clastograms  and  metastable  transitions 
obtained  in  these  studies  are  reported.  These  results  are  discussed 
in  relation  to  a  better  understanding  of  the  fragmentation  pathways 
in  this  class  of  compounds.  A  summary  table  of  all  results 
determined  under  this  contract  is  included,  and  a  brief  catalog, 
with  literature  references,  of  the  mass  spectra  of  org&nophcsphorus 
compounds  summarizes  much  of  the  available  literature.  Future 
correlative  activities  are  suggested. 
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ION  PHENOMENA 


1.  STATEMENT  OF  PROBLEM 


This  work  was  initiated  in  order  (1)  to  obtain  mass  spectra, 
(2)  to  make  energetic  studies  by  appearance  potentials,  and 
clastogram  determinations,  (3)  to  utilize  metastable  transition 
measurements  in  determining  fragmentation  pathways,  and  (a)  to 
form  negative  parent  molecule  ions  by  bombardment  of  biologically 
active  compounds  containing  P,  N,  and  S  by  means  cl  a  polonium-210 
alpha  particle  source. 


2. _ BACKGROUND 


Preliminary  investigations  of  organophosphorus  compounds  e  ich 
as  GB  and  GD  have  Indicated  that  these  biologically  active  materials 
are  ionized  at  low  potentials  (ca  11.5  eV  '  and  that  at  electron 
energies  above  approximately  i5  eV  there  is  significant  tragmentation 
of  the  parent  positive  ion.-  However,  the  ionization  and  disso-iative 
ionization  processes  are  poorly  understood,  attributable  large  ,  to 
a  lack  of  fundamental  information  concerning  similar  processes  in 
simpler  organophosphorus  compounds  Because  little  or  no  information 
is  available  about  the  processes  in  the  biologically  active  compounds, 
it  is  necessary  to  study  both  the  simpler  and  the  more  complex 
organophosphorus  molecules - 

The  study  of  both  the  positive  and  negative  ms  formed  in  the 
Ionization  and  dissociation  processes  is  important  to  understanding 
the  fragmentation  processes  that  occur  It  has  been  reported  tr.fct 
the  G  egenta  capture  low  energy  elections  to  form  parent  negative 
ions,  but  almost  certainly  other  negatively  charged  nagment  ions 
will  be  formed  with  higher  energy  electrons  through  dissociative 
electron  attachment  No  information  is  available  aoc.t  negative 
ion  cleetograms  that  would  indicate  possible  routes  c£  t tagmenta' ion 
of  theae  epee lea 


3.  APPROACH  TO  THE  PROBLEM 
3.1  Meterlale 


The  materials  to  be  studied  included  trimethyi  phosph.: ctmcnate, 
triphenyl  phoaphlte,  dlallyl  phosphite,  diailyl  ally ipnospnonat e , 
triallyl  phoaphlte,  trlallyl  phosphate,  and  diphenyl  ph.\-pn: t» 


3.2,  Equipment 


The  Bendix  time-of-f light  mass  spectrometer,  together  with  its 
various  modifications,  has  been  described  tn  previous  reports, 


3.3.  Techniques  of  Study 


The 

reports. 


^echniques  of  study  have  been  outlined  in  detail  in  earlier 


4.  RESULTS 


4.1.  Trlmethyl  Phosphorothlonate 

Appearance  potentials  for  twelve  lens  termed  by  electron  impact 
from  trlmethyl  phosphorothlonate  are  given  m  Table  1  Processes  for 
the  formation  of  five  ions  are  suggested,  based  on  the  energetics 
and  clastcgram  data, 

4.2.  Trlphenyl  Phosphite 

The  70  eV  mass  spectrum  of  trlphenyl  phosphite  was  determined  and 
is  shown  in  Figure  1,  The  clastogram  for  this  molecule  is  shown  in 
Figures  2  and  3.  The  appearance  potentials  listed  in  Table  2  indicate 
that  the  major  ions  in  the  mass  spectrum  of  this  compound  are  due  to 
phenol,  probably  formed  by  thermal  decomposition  or  the  sample,  Thus, 
the  base  peak  at  m/'q  ■  94  has  an  appearance  potential  of  8  8  i0,2eV 
as  determined  by  electron  Impact,  and  the  photoionlzatlon  value  for 
the  ionization  potential  of  phenol  is  known  to  be  8  5  eV,  This 

comparison  and  the  other  data  of  Table  2  strongly  suggest  that  the 
majority  of  the  ions  below  m/q  «  94  are  due  to  phenol-  The  small 
quantities  of  ions  at  m/q  •  149,  156  and  16'  precluded  appearance 
potential  measurements. 

4.3.  Dlallyl  Phosphite 

The  70  ev  mass  spectrum  of  dlallyl  phosphite  was  given  m 
Quarterly  Ftogress  Report  No  5.  '  1  The  clastogram  and  several 
preliminary  appearance  potential  measurements  ro:  icr.s  formed  frpm 
this  compound  by  electron  impact  were  gi  .’sn  also  j.n  that  report.  ^ 
Table  3  given  In  the  Appendix  presents  a  more  complete  treatment 
of  the  previous  data, 

4.4.  Dlallyl  Allylphosphonace 

In  Table  4  are  listed  appearance  potentials  tor  thirteen  ion3 
formed  from  dlallyl  allylphosphonace  However,  only  ic.  foe:  ions 
have  probable  processes  of  formation  been  indicated  The  ions  ot 
m/q  "  79,  80  and  81  may  be  due  t:  PO^,  HPOy*  and  H2P0,’,  b'.c  the 
appearance  potentials  do  njt  support  th.s  It  will  be  necessary  in 


S 


future  studies  to  utilize  high  resolution  mass  spectrometry  in  order 
to  positively  identify  these  ions  and  thereby  permit  the  process 
assignments  to  be  made  from  the  energetics  and  observed  metastable 
transitions . 


4.5.  Triallyl  Phosphite 

Even  as  with  diallyl  allylphosphonate,  the  tn/q  “  79,  80  and  81 
ions  are  not  established  with  sufficient  certainty  to  permit  the 
assignment  of  probable  processes  for  these  ions.  Four  ions  that 
involve  simpler  fragmentation  have  been  assigned  probable  processes 
in  Table  5.  Appearance  potentials  for  twelve  ions  have  been  determined 


4.6.  Triallyl  Phosphate 

Table  6  lists  the  principal  ions  in  the  70  eV  positive  ion  mass 
spectrum  together  with  appearance  potentials  determined  to:  six 
different  ions  using  the  energy  compensation  method,  The  energetic 
data  have  been  employed  in  assigning  probable  processes  wheie-er 
possible.  However,  a  lack  of  certain  knowledge  of  composition  of  many 
ions  does  not  permit  a  more  detailed  analysis  or  the  fragmentation 
processes  at  this  time.  The  logarithm;:  lastcgiam  for  this  . ompovod 
is  given  in  Figures  4  and  5. 


4./.  Diphenyl  Phosphite 

The  70  ev'  mass  spectrum,  the  elsstrg.  am,  ana  some  p.ena;nai> 
appearance  potentials  for  diphenyi  phosphite  were  given  previously 
in  Quarterly  Progress  Report  No  5  Table  7  presents  evidence 

that  the  majority  of  the  mass  spectrum  derives  trim  pher.ri,  ev  *n  as 
was  noted  for  triphenyl  phosphite  Apparently  this  is  Jut  to  «hers.al 
decomposition  of  these  materials;  this  should  be  studied  :  >r .  he;  i  n 
future  efforts. 


5.  DISCUSSION 


5.1.  Trlmethyl  Phosphorothionat e 

Utilizing  the  roetastable  transition  data,  the  results  item  the 
appearance  potential  determinations,  and  the  rlastcgiams  obtained, 
the  following  partial  fragmentation  scheme  m0y  be  constructed. 


From  Che  metasCable  transition  data,  the  second  process  In  Table  1 
for  the  formation  of  the  m/q  ■  79  ion  is  preferred;  thus,  the  value 
of  AHf(79+)  •  126  kcal/mole  is  also  preferred.  This  indicates  that 
the  m/q  ■  79  ion  is  predominantly  CHjOPOtt^.  The  unique  fragmentations 
involving  the  retention  and  loss  of  the  sulfur  atom  suggest  either  that 
the  CH3  group  is  very  mobile  or  that  rapid  equilibria  may  be  established 
between  isomeric  forms  of  these  gaseous  ionic  species. 


5.2.  Triphenvl  Phosphite 

In  that  the  mass  spectrum  and  appearance  potentials  determined 
suggest  that  phenol  may  be  formed  from  this  compound  through  thermal 
decomposition,  and  that  the  present  observations  do  not  differentiate 
any  phenol  from  the  ions  formed  directly  from  the  title  compound  by 
electron  bombardment,  no  further  discussion  of  the  present  results 
is  merited. 


5.3.  Dlallyl  Phosphite 

The  absence  of  the  parent  ion,  and  the  very  low  appearance 
potential  for  the  lowest  energetic  requirement  of  the  fragment  ions 
suggests  that  the  ionization  potential  of  the  parent  molecule  is 
approximately  10.0  eV.  From  the  clastogram  data  and  the  appearance 
potentials  determined  in  this  work,  the  following  partial  fragmentation 
scheme  has  been  constructed: 


10 


r 


i 


It  should  be  noted  that  this  scheme  tor  the  fragmentation  or  ictis 
produced  in  the  mass  spectrum  of  diallyl  phosphite  is  sigmt ic antxy 
different  from  that  originally  suggested  in  Quarterly  Progress 
Report  No.  5. 


t 


5,4.  Diallyl  Allylphosphonate 


The  following  fragmentation  scneme  for  the  unimoxecuiar  decomposition 
of  the  diallyl  allylphosphonate  molecular  ion  represents  a  modification 
of  that  proposed  earlier  5  (8) 

C3H5OPOtf1‘ 


-C3H5 


(C,H50)2PO(C3H5)+. 

202  \ 
-c3h\ 


c3h5opo2 


c3h5opo2h- 
121 

'H 

HFO^-^POj4 

120  80  ?9 


-c3h3 

(C3H50)2P0H+ - •>  C3H5P (OH) 3^ 

162  123 


The  lowest  appearance  potential  measured  suggests  that  the  ionisation 
potential  of  diallyl  allylphosphonate  is  approximately  i0  0cv, 


5.5.  Trlallyl  Phosphite 

The  additional  studies  of  this  molecule  have  caused  no  revision 
in  the  fragmentation  scheme  proposed  in  Quarterly  Progress  Rep:.". 

No.  5.  (8)  The  lonlsaticn  potential  is  estimated  to  be  approximately 
8.8  ev,  as  determined  from  the  lowest  appearance  potential  measure-, 
in  these  studies. 


5.6.  Trlallyl  Phosphate 

From  the  acquired  appearance  potentials  and  .iastogra-.  lata, 
the  following  fragmentation  scheme  16  proposed; 


! 

t 


(C3HjO)3PO 


+  -C3H5 


HPC; 


ft 


From  the  appearance  potential  data,  it  is  suggested  that  the  ionization 
potential  of  trlallyl  phosphate  is  approximately  9,8  eV. 


5.7.  Diphenyl  Phosphite 

Even  as  with  the  triphenyl  phosphite,  the  mass  spectrum  and 
appearance  potentials  suggest  that  phenol  may  be  formed  from  this 
compound  through  thermal  decomposition.  Therefor^  no  further 
discussion  of  the  present  results  is  merited. 


6.  CONCLUSIONS 


It  is  suggested  that  future  work  concentrate  on  (1)  negative 
ions  formed  from  the  various  organophosphorus  compounds,  (2)  high 
resolution  mass  spectra  and  precise  mass  measurements  to  permit 
the  iden.if icatlon  of  many  of  the  positive  ions  formed  from  these 
compounds,  and  (3)  detailed  metastabie  transition  studies  to 
establish  more  fully  the  fragmentation  pathways  occurring  in  these 
compounds.  All  of  these  data,  together  with  that  obtained  under 
the  present  contract  effort,  should  yield  a  reasonably  satisfactory 
body  of  information  capable  of  providing  further  insights  from 
correlative  studies  of  the  data. 

Included  in  Table  8  In  the  Appendix  is  a  complete  summary  of 
all  the  findings  obtained  in  these  studies  This  information,  taken 
together  with  that  summarized  in  Table  9  and  the  various  other 
literature-reported  results,  will  provide  future  investigators 
with  much  of  the  needed  material.  It  is  easily  concluded  that  even 
the  data  of  Tables  8  and  9  are  not  complete  and  that  additional 
work  will  be  necessary  even  in  the  correlative  efforts. 

All  remaining  quantities  of  the  G  agents  EA  materials,  and 
related  substances  have  been  destroyed  by  hydrolysis  m  strongly 
alkaline  Chlorox  and  15%  KOH  m  50/ 50  v/v  ethancl-water  solutions 
HD  was  similarly  treated,  except  that  only  Chlorox  was  employed 
All  materials  and  equipment,  including  the  storage  refrigerator, 
have  been  decontaminated  so  that  no  safety  hazard  remains  Gas 
masks  and  atropine  sulfate  syringes  have  been  stored  subject  to 
recall  by  Edgewood  Arsenal 
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Table  7.  Mass  Spectrum  and  Appearance  Potentials  of  the  Principal  Positive  Ions  Formed  from 
Diphenyl  Phosphite. a 
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